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(57) [Abstract] 

[Objective] As mechanical property of compressive type, it is 
superior in perforated plate compressive strength at time ofthe 
especially moist heat, it is superior in impact resistance, it offers 
prepregwtrich gives preferred fiber-reinforced composite 
material as structural material. 

[Constitution] Prepreg which designates that it consists of foil 
owing constituent (A), (B) ,(Q,the (Q, it exists in front side 
from(B) as feature. 

;v(A)RdnforangfibCT 

(B) Epcrcy resin composition where room temperature flexural 
modulus of ci^ proAxt is 380 kgf7mrn2 or greater. 

(Q E^^ rean composition where mode I enerjy releasing rat 
io of cured product is 160 J/m2 or more. 


. .);v. 

1 S 


[daim(s)] 

[Claim 1] Prepreg which designates that it consists of followin 
g constituent (A), ^ (B) 
fromas feature. 

(A) Reinforcing fiber 

(B) Epojy resin composition where roomternperature flexural 
modulus of cured product is 380 kgf7mrn2 or greater. 

(Q Epo>y resin composition where mode I energy releasing rat 
io of cured product is 1 60 J/mz or more. 

[Oaim2] Flexural modulus with 82 °C after boiling water 20 


tto^adda .. ISTA cannot 


be held liable for any detriment fromits use. WWW: http://www^ 

• .5 .• • • ... • ••• , ..... v '.v/:.^- - ^a^'~ •Vi.^:f^iw:i; *Mffi 


JP 

2 



[R#«3] ;, x^V«iB«J** (c) ©Wb*W«-^£ 
I X*;U*-§Mfc¥tf 2 4 0J/m2 ia±^fc^> 5 
£fctt2(&:?'J:7utfo ^ v-C ^ 

[8t#54] xTK^tSBffllfrlfc) (B) o«S*©»*2'. : 

omm®L*&<DS 2°Ct?(^fl(f5ltt$/)<3 2 0 k g f /mm 

[IS#«6] x#*5/ttB*«* (C) *<D. x***>j£ 
#0) 5 0 %W±tf 1 fFttttl* L 2 E&^xtK* vfflfli"Cfc« 


[US*«7] x#*i/«HB«a* (c) tfx7t<*vtiiBSRr 
^^iS^i>L2aiy±^^Lfc : b(D-efc^, R3fc«ifc 

[K*B8] . x#4ri/«Blc»*Lfc»pratt«B. x^ 

3S:t^ L 8 (01 vfttfr lclH©<0 ^ 'J ^ 
[8I*S1 o] B**i6t*L9flHVK^ 


[daim 3] M)de I energy rdeasing ratio of cured product of ep 
oxy resin coirposition (C) is 240 J/nfi or more, prepreg of the 
QaimlorZ -v- 

[daim4] Flexural modulus with 82 °C after boiling water 2 0 
tour absorbing water of cured product of epoxy resin 
composition (B) isthe 320 kgf7mfl2 or greats, prepreg which 
is stated in any of Cairns 1 throu^i 3. 

[QaimS] 70%orhi$ierof epo^ component in epoxy resin 
composition (B) is epoxy resin of trifunctional or greater, 
theprepreg which is stated in any of Claims 1 through 4. 

[Qaim6] 50%orhigfierof epoxy conponent in epoxy resin 
composition (Q is epoxy resin of monofunctional or 
Afunctional, theprepreg which is stated in any of Claims 1 
through 5. 

[Claim7] Epoxy resin composition (Q thermoplastic resin of 
epoxy resin soluble, is something which contains theinside one, 
two or more kinds of elastomer and thermoplastic elastomer, 
prepreg which is stated inthe any of Claims 1 throu$i6. 

[Claim 8] Thermoplastic resin, elastomer and thermoplastic 
elastomer which are melted in epoxy resin havethe reactive 
group of epoxy resin, prepreg of Claim 7. 

[CLaim9] Reirfor(^fiber(A)iscar^ 
s stated in any of the Claim 1 to 8. 

[Claim 10] Hardening prq^regwhidi is stated in ary of Claims 
1 through 9, thefiber-reinforced composite material which is 
acquired 


[0001] 

^u^fcj:i;**i*«i^fc«itaift«d*tt»icH^4o 


[0 0 0 2] 

ISTA's Converted ^^S^^^f 


[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards prepreg 
for fiber-reinforced composite material production. 
Furthermore details are superior in irechanical property of 
compressive type, regard theprepreg which gives preferred fiber- 
reinforced composite material as structural material and fiber- 
reinforced composite material which usesthat. 

[0002] 

[Prior Art] Polymer group composite material which consists of 
reinforcing fiber and matrix resin, in order topossess 
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: ^^f>^|P^^Ttti®b««i=ttA ~&®(D15* ffmi<* f used forthe sports gcwds^icatiorlp&a 
~" ^^*iS^I^«tllBvW^^^«Bi^S$>tfcv->*-.. :< and general industry ar^li^oa It can us 


'^.aerospace 


[0 0O 3] ^U^ICffll>b*t-5V h 'J ?<7X$Bit L 

[ooo 4] : ad»»t*£»»t L-cm^iasicasfc 

[o o 0 5] -ttictfU v— &<Dtt3ftf£* iaSfc^iMijaiS 


f [0 0 0 6] fi&*t»*«tJi*t«t L'xmi^&G* E»8 


[0 0 0 7] LTJBl****, Wffll 

Sm'MDSrg-C?. «6tt*W>lllinicSJ*#£ UEffiBSgtfffi 

T-r*s»tf*y* zti&mLi^ tm&tmt ltei^c 



can use to productiahbf ; A 


fiber-rdnforced composite material, various syst^ 
isimpregpated method which uses prepireg which is a sheetj^ ^ 
interradiate substrate which haswidely been used matrix resin 
for reinforcing fiber, molded article of corrposite material is 
acquired with this method railtiple sheet afterlarrinating ■ 
prepreg, by heating. 



[0003] Both thermosetting resin and _ thOTroplastic rean it is -v 
used as matrix resin which is used foi^prq>res,butvvhaiitis 
a maj ori ty, it can use curabl e resin where the handl ing property 
is superior, even among those epoxy resin is most used In 
addition, also maleirride resin , cyanate resin and combination 
these arewell used 

[0004] When it uses conpoate material as structural material t 
here is a compressive strength in one ofthe important property. 
When it uses as structural component because there is manya 
thing which providesthe bolt hole, compressive strength of 
especially perforated plate becomes important. 

[0005] As for material of polymer type, strength and elastic mo 
dulus decreasegenerally under hi$i temperature or hi$i 
humidity condition Therefore, also strength or other property 
offiber-reinforced conpoate material which designates 
polymer astte matrix is easy to decrease undo* high 
tempa^tureorhi^hiniidityconditioa But, composite 
material, when it applies, as airplane , vehicle and drip or 
other structural materialthe fully it isreqiii^evenunte .hi^i 'Z 
torperature or hi$i humidity condition that you keep property. • 

[0006] When corrposite material it uses> as structural material 
compressive strength is especially theimportant property. It is 
done in measurement of conpressive strength making use of 
holeless sheet , the perforated plate and cylindrical pipe or 
other test piece, but because there is many a thing which is 
rradeshape of plate which provides bolt hole at tirre of 
actualusing, conpressive strength of especially perforated plate, 
especially intensity withthe hi$i temperature hi^i humidity 
condition becomes important. 

[0007] When composite material it uses, as structural material a 
Iso impact resistance becomes important. There is a 
conpressive strength after impact in especially important 
property inreg^rd to impact resistance. As for this, with 
inpacttomentedueto fellentool and stone or 
othercollision, exfoliation occurs in interlayer of corrposite 
materi al and to be aphenomenon where compressive strength 
decreases, when this is considerable, cannot usebecomes as 
stnrtural rraterial and ; 
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[0009] *fci£(c, «*1ftEEItaftK^iK < <C* * -5 0:* 


[0010] ia±a>*5ic % Sitfc-ett* i§i>E$S3$g. ttic 
*tt«EI6B8£*l>»«*tt. »lcW*EBBK*SWt 


[00 11] 


product Mgfo it L i^i^ 
which is conttred " " ^'tiea^^^rem cured product , 
wtere elastic modulus is higi p^ly toughness islow; namely f 
is brittle, compressive strc^^ and 
espedallyimpact, furternore fatigue or other characteristic :; 
became defect, in re^rd toutility, codd not ire there where 
elastic npdulus is. large. ...... , :> , .. . , ^ s t 

[0009] In addition conversely, it seems that concessive streng 
th after impactbecomes high when e^ 
of Wgi tougmess matrix resin is used, generallyas for any these 
things elastic modulus because it cannot make excessivelyhigh, 
it could not obtain fiber-reinforced composite material where 
compressive strength is high. * 

[0010] like above, with presort state, higi compressive streng 
th and especially perforated plate conpressive strength 
beingcompatible, material which can has not been acquired 
compressive strength afterthe high impact resistance and 
especially impact 

[0011] 

[Problems to be Solved by the Invention] It is to offer prepreg 
where objective of this invention, as mechanical property 
ofthe compressive type, it is superior in perforated plate 
compressive strength at time of espedallymoist heat, is superior 
in impact resistance, gv^ prefored fibCT^einforced composite 
material as structural material. i - r 


[0 0 12] 

Zr\s<?&s *(D#fi£g5t (A) , (B) . (C) fr&fcU, 

(O (b) *y«B«c«Lri^*cfc*w»t-r* 
(a) swift 

(B) Wt«M>*attlf *tt*#3 8 0 k g f /mm 2 fel± 

-efe*x;K*->8ifli*aj5E#] 

(c) mttoo*- K I X*Jl*— MMrtM 6 0 J/m 2 
[0 0 13] *fe,'*flWlc**WtSWb«fttt»tt» -<D 
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[Means to Solve the Problems] Prepreg of this invention which 
parallels to above-mentioned objectiveconasts of following 
constituent (A), (B) ,(Q, is prepreg whichdesigpates that (Q it 
exists in front side (B) fromas feature. ' 

(A) Reinfordng fiber 

(B) Epoxy resin composition where room temperature flexural 
modulus of cured product is 380 kgJ7mfl2 or greater. 

(Q Epoxy resin awrposition where mode I ener^ releasing rat 
io of cured product is 160 J/m2 or more. 

[0013] In addition, fiber-reinforced composite material which re 
lates to this invention, hardening this kindof prepreg, consists 
of those which formed 

[0014] Belowthis invention is explained concretely. As for pre 
preg of this inyoition, qpo?^ resin composition of 2 kinds it ". 



&PlW>lzt$ s WitfytfU^Q^fts A<*Wlcfi^b^a)g;S cured product is 1 6() J/m2 or rmre to use, In inside which 
uu.^j^^ L , « - - ' ' : — 9 w f v7jl;ZTi±::AK ; contributes to compressive strength, epoxy resin composition 

where epoxy redn <X)mjx^ti6iX)r cured product where cured 
^prmuSisW^ cured j^oducthi^i elastic 

;; raxiulus, byusing epoxy resin composition where room 
.temperature flexural modulus of cured product is 380 kgffrmfc 
or grater concretely,are higji tougjmess it is something which 
^ cancels deficiency when you use asthe matrix resin of prepreg 
with alone. 


ft If ^fiJgtf 3 8 0 k g f /mm2 


[0015] *&Biicffl^«£1btttt (a) tLtfc;^7 
WcR****«»* Ll\> &ft$ffc (DJ&i®£ Lrtt. — ^Ir) 


[00 16] ^U^uyn«c»^*x#*5/*MJiE* ( 

B) ft. *<D«ft*tfW»tt*. JW*ttKtt. SSftlf^tt 
$A<3 8 0 k g f /mm 2 &±*fc**0# JBl^*t*o X 

3K4F^>«n«Att (b) 0Bfcft®a(f#tt*®MCtt. ? 

mm. fi460mmfl)KtW#»U X/^B3 2mm© 

3^ft(f-ea5£-r^o 


[0017] m&%nt&Gttm%m&tt®t Lxmi<$>^ 
z<n&vnmzK%o '®mmm (b) f*. *©wt*"*± 

IMSflWIItfiU ^l»7k*-C2 0^Pp1;§SLfc»(D8 2 
°CT?(Dttlf#tt$tf 2 8 0 k g f /mm 2 JJLfC fc^d 
»*Ll>» ^^lc^K7K*-C2 0^;iaLfc^0)8 2 o C-e 
(Dftlf»tt»tf 3 2 0kg f /mm 2 tt±*fc*U*<fcy»* 
Ll\> 


[0 0 18] x#*$/«IB«lit* (B) tt, ±£ LT. xtK 

81, ifx^iy-;usSx3K4Fi/»B, tfx?x/-jUBS! 
xtK+^BB* ^^*U^Bi**^«B* /*9?£fix 
***>BB, 7^b^#**frr*x#*^«B* 

x#*5>MB* 5?<fU*>^UU % /^>/-^k f ( 


[0015] It can use glass fiber , carbon fiber , aranid fiber , boro 
n fiber , alumina fiber andthe silicon carbide fiber etc as 
reinforcing fiber (A) Among 
these, especially carbon fiber is desirable. As shape of 
; reinforcing fiber, it pulls to one direction and it can use 
thefilament, tow, weave, mat, knit and braid etcwhichare 


[0016] As for epoxy resin composition (B) which is used for pre 
preg inside, higfr modulus , those whereconcretely, room 
temperature flexural modulus is 380 kgf7mm2 or greater it can 
use cured product. Hardening epoxy resin composition same 
cu^ as hardening condition of prepreg, makinguse 

of curingtime, it cuts off measurement of flexural modulus of 
thecured product of epoxy resin composition (B), produces test 
piece of thickness2mm, width 10 mm and the length 60 mm, 
v measures with 3-point balding of span 32 urn 

[0017] When fiber-reinforced composite material it uses, as stru 
• ;ctural material it is necessaiy for propertydecrease at time of 
^Hgfr temperature high humidity to be small. In this point it 
f becomes important for decrease at time of theHgfr temperature 

high humidity of elastic modulus of matrix resin to be small. 

resin composition (B) designates cured product as test piece of 

: abov^mentioneddimension, 2 0 hour after soaking it is 
^desirable in boiling water for theflexural modulus with 82 °C to 

be 280 kgf7mm2 or greater. Furthermore if 2 0 hour after 
/ soaking, flexural modulus with 82 °C isthe 320 kgf7mm2 or 

greater in boilii^ water, it is more desirable. 

[0018]^x)}yreancomposition(B)conastsof epoxy resin an 
v d curing agent mainly. As epoxy resin, it can use ^ycidyl 
gamine type epoxy resin and these blend like glycidyl ether type 
^ epoxy resin , the tetra gjycidyl dianino diphenylmethane , 
triglycidyi amino phenol , trigiycidyl amino cresol and tetra 
gjyddyl xylene diamine like epoxy resin , digjycidyi resorcinol , 
y the tetrakis (glycidyl oxy phenyl) ethane and tris (gjycidyl 
% . l^oxy phenyl) methane which designate copolymer of epoxy 
t/'#''r^1 ; tte phenol compound and di<yclop»tfadiaie which 




[ooi9] «ffl*ft»<o**tt**Sa'r*l-tt. 

8JB§. /#7^Mx;K*v®Bi/)<fc£o C*i*(D?*>ia 
5/75/^1 x;i,y £ £ LTK^-T 5 Z t . 


[0 0 2 0] HEtfttftS^^eifettflxtf+S' 
i;v>7P^>^^x>tft^^Wlc^t* £x 


[0021] mmt LXlt. 8?7 5 / 5?7 x x;u* * x 

[0 0 2 2] Cft&ODWMMKtt, WtJStt*Wft*fc*fc 
Ttt. ^>7V5^7S KIC, 3- (3, 4-y^PP7i- 

MO -1, i-s?/^UJS* (dcmu) *Wb«i*«tLr 


[0023] B9W±*tjfcy. jBawaftft-eo)*tt*«T 

ttfr-Ct* 3, 3' ^?T5/5>7x=/U***>*IBl** 


jpossKs' bisphenol A type t ^cb^'re^i *,TKq25aMrF qpo^ 

epojy resin , naphthalenic epoxy resin , novolac type epoxy 
resin and fluorene skeleton as starting material but it is 
notsomething which linit is done in this. 


[001 9] Hgfr elastic modulus of cured resin is actualized, it is desi 
rable for 70 % or more inthe epoxy resin component to be 
epoxy resin of trifunctional or greater. As epoxy resin of 
trifunctional or greater, there is a gjycidyl amine type epoxy 
resin and a naphthalenic epoxy resin and a novolac type 
epoxy resinlike gjycidyl ether type epoxy resin , tetra gjycidyl 
dianino diphenylmethane , triglycidyl anino phenol , 
triglycidyi amino cresol and tetraglycic^ xylene dianine like 
the tetrakis (gjycidyl oxy phenyl) ethane and tris (gjycidyl 
o^pheryl) methane. Combining 1 kind or 2 kinds or more 
among these, you can use. As main component, elastic modulus 
decrease with high temperature high humidity condition it is 
desirable fewtocombine tetra gjycidyl dianino 
diphenylmethane which is a glyci<fyl amine type epoxy resin of 
especially quaternary. 

[0020] In addition, it is desirable epoxy resin of biflmctional wh 
ich possessesthe rigid skeleton, combination of epoxy resin 
which possesses epoxy resin whichpossesses for example 
naphthalene skeleton and fluorene skeleton, biphenyl 
skeleton and dicyclopentadiene skeleton in thantramolecular 
in intramolecular and with effect of actualization of elastic 
irodulusdecrease where with high elastic modulus and high 
temperature W^i humidity condition are small. 

[0021 ] As curing agent, you can list carboxylic acid anhydride , 
carboxylic acid hydrazide , carboxylic add amide , polyphenol 
compound, the novolak resin , polymercaptan and like boron 
trifluoride ethylarrine complex Lewis acid complex etc, like 
aromatic amine, the aliphatic arrine , imidazole derivative , 
dicyanodiarride , tetramethyl guanidine, thiourea-modified 
amine and methyl hexahydrophthalic acid anhydridelike 
dianino dipharylmethane and dianino dphenylsulfone, but it 
is not something which linitis done in this. 

[0022] Is possible feet that suitable auxiliary curing agent is com 
bined in order to raise the hardening activity to these curing 
agent. As desirable example, you can list to dicyanodiamide, 
example, carbolic acid anhydrideand combines tertiary anine 
in novolak resin as auxiliary curing agent example etc 
whichoombine 3-(3,4-di chloropheryl>l,l<li methyl urea 
(DCMU) as auxiliary curing agent. 

[0023] It is a higi elastic modulus, in order to obtain cured prod 
uct whose elastic modulus decrease withthe higi temperature 
hi^i humidity condition is little, it is desirable to use dianino 
dphenylsulfone, as curing agent,especially it is desirable even in 
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[0 0 2 4] xit^ttMJM (b) ictt. *e>lcx;K+ 

L<. ftfcttfctt, jK'J^U^X tfyx-T-;ux 
;u*>, #U-f s #yx— rJU-f 5 K#*if 6*t*. 


[0025] ^ij^U^g®lcffl^*x7K^v<SBifflf£^ ( 
c) it. *®«fc*tflS»ttT?fc*, JH*WKfi, Bibgia 

^ _ p , x:jgu*-8fflfc¥tf 1 6 0 J /m2 ia±, L < 

it 2 4 o j/m2 jy±-efc^*cDA^t^*i*o mitfyo* 

— k rx*jwP-i»*Qioi** »»«)«««ttaatt"c* 

^single edge notched bend;S 

E N BSL conpact tension; C d o 

uble torsion; DT&S? (fii*$£<DP$ffitt I"? 
7*?-y*<Dtt«0ttJ ASTM-D5045 

c * as u »=9« y kuk y **>*:3is y #is* e t * 


[0024] Furthermore i 
B) , to add soluble thermoplastic resin to tieef»xy resiiLVAs 
desirable thermoplastic resin, those elastic mbduliis am , : 
gjass trareition temperature are W^iare durable, concretely, -.-^ 
can list polysulfone , polyetter sulfone , polyinide and 
rxdyetheriiride. \ 

[0025] As for epoxy resin conposition (Q which is used for pre 
preg surface, cured product is hi$i ^tou^ms^it can ^ those 
where concretely, mode I energy releasing ratio of cured 
product is 160 J/m2 or more and preferably 240 J/irC or more, 
rmde I energy releasing ratio GlC of cured product single edge 
notched bend which is a fracture tougmessireasurerTEnt 
rrethod of public knowledge; the SENB method andconpact 
tension ; making use ofwhichof(As for details of test method 
being stated in "fracture tou^mess of plastic" Narisawalkuo 
work and the ASTM -D5045-91 etc, it is) such as CT method 
andthe double torsion; DT method is good It is good seeking 
QC directly with surface area method with rrethod which is 
expressed before and, it measures KlC, separately it isgood 
seeking fromtensile modulus E and Poisson ratio v which were 
sou^rt with thetensile test withformilaof Qc=(l-v2) 
KIC2/E. 


[0 0 2 6] x*+5/«BHBl«* (C) ^lt, xtf 
*S/«Bt«ft«l*yft*o X/K^ri/fflggt LXit. tfX? 

x/K+^Bi. 5?<fys/s?iuu % /^S/-/— f h7+x ( 

y«Jvi;mv7i-^ x$^ h'JX (^Jvy^t 

y y vi^^r 5 / 7 x j - jk h y ^ y vs^ur 

;UTS>Sx^v«8i, i&glcfcCT^/xtf+vlb^ 

[0 0 2 7] «ft*JfcLrtt. y7S/v7i-^$X 
i/7 £ / is"? x - )17<)1* tfij a X BI8fr& 


[0026] Also epoxy resin conposition (Q, consists of epoxy re 
an and curing agait mainly. As epoxy resin, epoxy resin 
which possesses bisphenol Atype qw^r^n ^bi^heiipl F 
type epoxy resin , the bisphenol S fonnefxray resin ,;;bisphenol 
B type epoxy rean , naphthalene epoxy resin , novolac type 
epoxy resin and fli»rene skeleton, epo^ rean .whidi v 
designates copolymer of phenol compound and ^; v 
dicyclopentadiens as thestarting matoial. ^ycidyl dber type 
epoxy rean like di^ycidyl resorcinol , tetrakis (^ycidyl oxy 
phenyl) ethane and tris (^ydcfyl oxy phenyl) meathane, 
^ycid^ anine type epoxy rean like tetra^ycicfyl dianino 
dipharylmethane , tri^ycidyl amino phenol , tri^yddjd arrino 
ctcsoI and tetra ^ycidyl )^dene diarrine, can use according to 
need mono epoxy compound or other reactive diluent and these 
blend, but it is not something whichthe limit is done in this. 


[0027] As curing agent, you can list carboxylic acid anhydride , 
carboxylic acid hydrazide, carboxylic add anide, polyphaiol 
compound, the novolak resin, polymercaptan and like boron 
trifluoride ethylarrine complex Lewis acid complex etc, like 
aromatic anine, the aliphatic amine, imidazole derivative , 
dicyanodianide, tetramethyl guanidine , thioureanrDdified 
arrine and mettyl hexahydrophthalic acid anhydridelike 
dianino diphenylmethane and dianino diphenjdsulfone but it 
is not something which lirritis done in this. 


ISTAs GmvertedK!^^ Version 1 2 (Th^e may be errors in the above translation ISTA cannot 
be held liable for aiy ddrurent from its use. WWW: http://w^.intlxiare.com Tel:8(XM3^572^ 


P.8 



5 i/fcflHtJWH* Lxm'tt*»**Wt£iMW 


[0029] «fcft*<K»tt-C**xjK**>«BB»ia**1» 
•S^fcfi* &4vCl^4. X7K*i>$Bia>8E£ 

5 o%jy±K£-f-5-£K«fcy strict 1 tr«tti^L2 

»ttlJK*S/«Bi LTtt, ex^xZ-JUAHxtf+S/B 
VgxjK*^BB, 7^5J-U^t*t<rt-*x*4r*>«B. 

if 2 sttx#*^BB-cttB«jSinE«*fc** < <e 

7 5 !/fix#*5'*ffi£e£*'*#*f<D*fc*fc $ c 

2ttgi***>fflBBrofcfr-e:fe, ^-7^u>#ft, 


[0 0 3 0] *fc. x#*^BBBfc»»»tttt, «<b*l<D 
S^lcJc-DTtStt-Scir^^So N, N' -55 

' -7i-U^i?-fV^Ptf'JT>tfX (2, 6 

, 4, 4' ->75/i?7i-^f>fcWf 

[0031] atB»tt*fta4fc*fc**-*ttl=flll*&*i. 
4*fttt; xjK*5/BBIcW*«>X7* Ztztm*! 
BttBB*Efrf*:&J*"C**« CC-C, * 
tz \m WSttBB x#* i/BBl= W* fc tt, i7^lv- 

. *fcttiffrait«B*i8* Lfcx?H**x«B«ja*«<*- 
. BibB-ctt. 17^ h?-, Sfettftqr&ttBBrcBfctt 

fctt»*L<. ffl^<DJ&&tf&pT2itt81Blc 
Blc8*U\i BB-C«>BBBlM8#ft#Br 

BBBi*B©Ba©asi=*sivc* -gss^icjs 

, *fctt»WB1xBBiWBBl«W*l=«-l=#**tf*^ 


v^d^ntine S^ 9 ^^ara^h^)-l 9 l-(fi methyl urea 
; (DCMU) as auxiliary ciraig agait. 

[0029] As for te^que \^ch obtains epoxy resin composition 
where cured product is H^ toi^ir^\^o^ ones are knowa 
technique \^(£irakes crosslink density small as technique due 
to thecorrfcination of epoxy resin, being effective, it can 
achieve epoxy resin ofthe monofunctional or bifunctional 50 
% or Hgfaer in epoxy resin component by confining. As 
monofunctional or bifunctional epoxy resin, it can increase 
epoxy resin , diglycidyl resorcinol , and thevarious reactive 
diluent which possess bisphenol A type epoxy resin , bisphenol 
F type epoxy resin, bisphenol S form epoxy resin, bisphenol 
B type epoxyresin, 'the naphthalerric epoxy resin and 
fluoreneskeletoa With bifunctional epoxy resin variety 
where epoxy equivalent where crosslink point interval becomes 
largeis large is effective. But, with just this, because elastic 
modulus and heat resistance decrease, it isdesirable to take or 
other method which is conbinedwith for example gjycidyl 
anim type epoxy resia ^ ;|Ih)sewliidi possess naphthalene 
skeleton , fluorene skeleton and biphenyl skeleton in 
intramolecular,because it is superior in elastic nrodulus and heat 
resistance, are desirable evenin bifunctional epoxy resin. 

[0030] In addition, with selection of curing agent to raise it is p 
ossablethe toughness of for 
exanpleN,N-di ''vx^^jVrdi amino diph^ylsulfone and 4,4'- 
.'/phenylenb diisopropylictae bis (2,5-di methylaniline), 4,4 f -di 
amino diphenylmethane and its alkyi substituted derivative , as 
for coni)in^oi»farii^g agent like nvpher^enediamine and 
m-xylylene diamine there is an effect whichraises tou^ness. 

[003 1] NfetlKxi ^di is used most generally in order to raise res 
in tou^mess isthe method which confines elastomer , or 
thermoplastic resin of soluble in the epoxy resia Here, 
elastomer or thermoplastic resin soluble, means fact that 
temperature reg}on\\here epoxy resin conposition which 
combines elastomer orth^TOplasticre^fonTBhomogaious 
phaseexists in epoxy reaa phase separation of resin 
composition with roomtenperature and phase separation of 
cured product ma>toppe^^ cured product, as for 

phase wliich is rich to elastomer orthe thermoplastic resin 
separating it is desirable, especially it is desirable totake inverted 
island-iiwea stnkture or irkerpenetrating network structure 
where phase where formof the phase separation is rich to 
thenroplastrc ^ When resin 


.1-, i". * • ■ , 
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[0 0 3 2] 17^ hV-t LTfi, ^yi^^U P 

-Ky;i*s^i*. ^pp^uviA; ^ud-^zfix, * 

[o 0 3 4] cftbx^x *fcfiJSiRTSIttffllllfi, 

[0 0 3 5] «fc*-cx?* hv-, *fcttttRTfittfflBl:: 
£ % *fcfi»qrfitt«HBlcx5|«*2/«IB*l^ 


Sfe composition with rroomtenMrature phaie separation it < 
£ i one time it meltsS^letely in process of manufa^^ resin , > . 

, v I ^ substantially, it is desirable for elastomer or thermoplastic resin 


[o o 'a e] .«ft1fc^»W!lttffllBlc*t«^att«t 
«»ttlc£ti^*»^6«i:*^o^^*»&fffr&ft*x^ 


[0 0 3 7] HttlCX7Xh7-*»^Btt*Ba>BiO*ifc 

IW* fc * '-l&RrattttB* Sin Lfc*£<D*/fc WiBfttt 


to be distributed to uniform in resin compoatioa 


[0032] As elastomer, butadiene -acrylonitrile copolymer , chlo 
roprene rubber, silicone rubbo* and polyester thermoplastic 
elastomer etccanbeused 

[0033] As thermoplastic resin, example which uses polysulfone , 
polyether sulfone , polyether ketone ,the polyinide , 
polyetherinide and aromatic polyester is possible. 

[0034] As for these elastomer , or thermoplastic resin, when m 
olecular weight is large, because theaction which makes viscosity 
of resin composition high with addition becomesconsiderable, 
thing or oligomer where molecular weight is small isdesirable. 

[0035] When phase which is rich to elastomer or thermoplasti 
c resin with cured productseparates, when glueing between 
phases has an influence on toughnessrevelation, glueing is 
insufficient, there are times when toughnessrevelation becomes 
insufficient. In this case, it can react with epoxy resin or curing 
agent in elastomer orthe thermoplastic resin, when it makes 
epoxy group, carboxyl group , hydroxy group and amino 
group or otter functional grouphave, glueing between phases is 
irrproved and toughness of cured product isan effect which 
improves. In addition, epoxy resin adding compatabilizer 
which both of elastomer or thethermcplastic resin which is 
contained to this has affinity for adhesiveness improvement itis 
desirable. Controlling form of phase separation in addition of 
compatabilizer, tou^messthere is also an effect which irrproves. 


[003 6] I n order to tiy to take phase separated structure 1 ike iny 
erted island-in-sea structure or interpenetrating network 
structure wherethe phase where cured product is rich to 
thermoplastic resin becomes continuous phase, itis desirable to 
iee elastomer or thermoplastic resin which consists of block 
copolymerwWch consists of component which is lacking in 
component and theconpatibility where epoxy resin and 
compatibility are good 

[0037] When addition of elastomer and thermoplastic resin is c 
ompared generally,because when thermoplastic resin is added, 
heat resistance of fiber-reinforced composite material is 
superior itis desirable, thermoplastic elastomer because fiber- 
reinforced composite material which is superior in heat 
resistance unlike the conventional elastomer can be acquired, 
this is desirable. 


[bV'3 8] X/K+v^BfflfiE% (cjjzlZ±mf&%&'& [0038] As needed cc^inirgabo\^n^ionedtediraquetoe^ 


v : f^Wj r^.^ j^?'u^~^£^uS^U^ litfn./AxAinx/ intl^Pri^rwn Tel -800-430-57271 
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"^tf^Ut^Sfittfi^ 5 0 : 5 0-90 : 1 O^fc^o 

; [o o 3 9] m&&m&GL£&toZtztozi* % 

«2f4t Lrtt, tt;Lt««l«6 3-1 6 2 7 3 2^W^ 

*#i*J:5<i:»WlBtt*IB. «S.tf»M 3 P4 - 2 6 8 3 6 1 

4 7 2, 7 SO^&ffifC^fti^fcX^X KV-^ttfSft 

BfcttMB£m***fttf»&*t"Ci^*o 


[0040] **wic* % ±u<Dmammffi£&mtz>z 
to* j§iqrsitt^BB^fflt^^t/)W*Li\ 

x**2/ttB*** (C) *lc^hy ?*xaffiO>fflttfl± 


[0041] ■BBfcttfBtBB'T BBSMbttfUD 

<«p*. Lfctfot % *CJWIMro7MJ?**«B*fB 
i*fc»*tt* lBSWba«tJB^r**©»Jlt+»ic«« 

a«j£5gjfl-f BHtfJHcttXftttroBBtfttCTt 

c t left y % ■maibottfte * y c t #w 


[0 0 4 2] ^y^UCf©frB**:l*SiBcDaBifi«lcffft 


xyraan proposition (Q, it canapply. \^^nti^ . X 

epoxy resin' conposition (B) and epoxy resin coiipoation (Qfif • ; 
in prepreg of this invention aredesirable is 50:50 to 90: 10. ;| • 

[0039] In order to raise compressive strength af & impact, Hgi ; ^ • , 
toughness material existing in thesurface vidratyofcffie surface]^ : • 
or both surfaces of prepreg laninate , hantenng it is 
knownthat technique of interlayer reinforcement which is 
distributed higji tougjmess material to theinterlayer of 
composite material which it acquires is effective. As hi$v . . 
tou^mess material,, method which uses kind of elastomer 
modified thermosetting resin which is shownin elastomer and 
kind of for example US. Patent 3,472,730 disclosure which are 
shown in thermoplastic resin andthe kind of for example 
Japan Unexamined Patent Publication Hei 4-268361 disclosure 
which are shown in for example Japan Unexamined Patent 
Publication Showa 63-162732 disclosure is known 

[0040] Above-rrentioned interlayer reirforcement technology 

can be applied to also this invention,, but whenthe interlayer 

reinforcement technolo^ is applied to tins invention, vsten 

elastomer or elastomer modified thermosetting resin is usedas 

material which is used for interlayer reinforcement, because 

property at thetime of higji temperature decreases, it is desirable 

to use thermoplastic resin localization doing component 

which is not melted in epoxy resin interlayer reinforcementas it 

is called in this invention in temperature range which reaches 

to cure tenperaturefromroomtenpo-ature in interlayer part 

amount, it points to technology whichstrengthens laminate 

interlayer. Therefore, in material and epoxy resin compoation 

(Q which are used for interlayer reirforcp^ougfrness J ..' ( 

improvement of matrix resin it adds as object thempplasdc^^^^^' ;£ 7 

resin oftheepoxy soluble which, dasto^ - 

elastomer etc are distinguished strictly. • -V^ \j; \ ;\ • 

[0041] When interlayer reirforcement tec^log^ ' " 

hen matrix resin of surrounding of interior reinforcement 
isbritde, revelation of effect of interlayer reirforcement is 
restricted, when thetou^mess of matrix resm is hi^ conversely, 
effect beconxs large. Therefore, Simply, when matrix resin of 
high modulus is used, It is difficult to reveal effect in fully 
making use of the interlayer reinforcement technology, but in 
thing and interlayer part amount which apply interlayer , 
reinforcement technology to theprepreg of this invention it is 
decided that resin of hi$i toughness exists,being possible to 
reveal effect of interlayer reirforcement well, it combines 
thecompressive strength after high compressive strength and 
impact and it can acquire fiber-reinforced conposite 
materialwhichithas. 

[0042] polyanide, polyinide, polyetherinide , polyanidei 
iride, polysulfone and polyether sulfone etc are desirable as 
thempplastic resin which exists in surface vicinity of one 
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JP 96225066 Machine Translation -jHrstPass ; 
»*Ll>o *'J7£ Ktt. ttBWl -1 046 2 4^fg|C 


[0043] tt^fittttffi0#»* LTtt» ?>r;i/A, fa* 

4, 604, 3 1 9^#f6tf)Cr<t <5u±K:7U?U^ffi£ 
B5£* gffi$^£5fe?-£lc£:£/)<, tt8B0B6 3-97 
6 3 5^^$6IC^^tt5<fc9lCiift^lS(t^. ^g8¥5-1 

-287091 ^fglC^^tl^^^lCx-^tt^^^A^ 


[0 0 4 4] tt?H*B<D*l&* Ju^CD^tttt, 


[0 0 4 5] mt»S^Lra« }t»?2-69566^ 
3ftfi«*L «Hf4-2 926 3 4ffi« 
C**4t*J:?<t«Ht¥ffBlR 4#gfl¥2-32 843*1 
»ttl=S**t*«fc9fc»fc. ll|iS^SB#^940 1 60 0 3 


[0 0 4 6] **w<D?u?u4tti* x7K*i/«ffi« 

Ittfe (B) ^8ISm^ifCD±lC=]-T-<>^Lfc^-f;UA^ 

Bifflj£«o (c) *«isisaira)±ica— r-r^Lfc^-riU 
A**0>BBl::B « f*Ct * 6 K*a*ff 5 C fc e* y 

[oo4 7] *»wicm«a<baiB«afflUfc»&a)^y^ 

^atffcio »-«)»fttt. IBSWbiBBWBttaiBtfW 
fci — httflSf®**: SBMBfcfflttWBttBBlcxiWri/B 

Bflift* (c) to)««*Lr«jirt-**ft-c? 

fcSo !&HtD*&tt, BBBftJflBWBttBBtftt?. Btt 



r^Iyanide which is supOTorin adh^\^ress of ti^toi^Tril^ A ^ 
and matrix resin espraaiiyls^ stown in 

Japan Unexamined Patent Publication Hei \ 1-10^24 disclosure, 
using those which modified are doreis po^ble with epoxy resia 

[0043] As shape of thermoplastic resin, it can take film, parti 
cle and the fiber. Incase of filmsha^ as thelitis a US. 
Patent 4,604,3 19 disclosure, when prepreg surfece iscovered 
completely, it means to lose surface tackiness, but as shown in 
the Japan Unexamined Patent Publication Showa 63-97635 
disclosure, as provides passage hole, shown in Japan 
Unexamined Patent Publication Hei 5-138785 disclosure as it 
makes theporous, shown in Japan Unexamined Patent 
Publication Hei 5-287091 disclosure surface tackiness can be 
kept by taking or other methodwhich arranges tape film 

[0044] In case of particle rrorpholo©', shape of particle is sho 
wn in Japan Unexamined Patent Publication Hei 1-110537 
disclosure, with kind of spherical particle which is shown in 
Japan Unexamined Patent Publication Hei 1-1 10536 disclosure 
and, with aspherical shape particleand, is good with kind of 
porous particle which is shown in Japan Unexamined Patent 
Publication Hei 5-1 159 disclosure. 

[0045] As fibCTforn\ kind of short iBbo* which is shown in Jap 
an Unexamined Patent Publication Hei 2-69566 disclosure, 
Kind of filament parallel arrangement which is shown in Japan 
Unexamined Patent Publication Hei 4-292634 disclosure, 
Kind of weave which is sixain ^ Patent 
Publication Hei 2-32843 disclosure, nonwoven fabric and kind 
of knit etc which are shown in Iiien^onal Patent j 
Publication nurriber 94016003 dsclosure caroused 

[0046] Prepreg of this invention impregnating resin fromboth 
sides or tteore side of reinforcing fiber ch is made sheet 
making use of filmwhich first, coating does epoxy resin 
composition (B) on mold release paper or other, produces 
theprimary prepreg, continuously epoxy resin composition (Q 
slides film which coating is doneto both sides on mold release 
paper or other, is produced furthermore by impregnating. 

[0047] Prepreg when interlayer reinforcement technology is ap 
plied to this invention is produced, kindof method which is 
increased below can be used first is method wWch 
thenroplastic resin for interlayer reinforcement adhering or 
isspread in one surfece or both surfaces of prepregwhichis 
produced with theaforementioned method, second method 
adhering doing those where thermoplastic resin for interlayer 
reinforcerrentimpregnates epoxy resin composition (Q with 
msthod which can be applied when thesheet shape is taken, in 
therrroplastic resin for interlayer rej^orcement which such as 
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[0 0 4 8] 

[§S!&0«] BIT. **W***HI=*y*&l=B«l=KWf 
SQEfli 

(a) ^BilfifSfeMS 

(1) fh^'Jvv^S/^i-iM^ 

(ELM4 3 4. ttSft^X* (*) H) 
90. OSP 

(2) tf*7x/-JUASXJK*$/«B 

(xta-h8 2 5, »{bS/x;ux**^ (») Si) 
10. oQJ 

(3) /K'JX-f-^^^ 

(PES5003P, ttSftfXSI (80 H) 
1 2. 3gfl 

(4) 3, 3' -2/75/ v^x-;UX;U7fx> 

(«SiUf8<b (80 H) 

36. OgP 


[0 0 4 9] TE«f»*!MIU - 


(1) f h^^'Jyv^/TS/v^i-;^^ 

(ELM434,tt£fc^lt (1*) S) 
40. OSP 

(2) hf^^x/-^AS?X^v1Sgi 

(xlfa-h8 2 8. Mvxju^i/ (fc) 8) 

20. OfiP 


fel^fe As for third method, 

them^a&cr^ 

ihort fiber or other wit^ applicable method, is method which 
filmvshfch 

ttenroplastic resin for; interlayer reinforcement to both sides 
of primary prepreg, to therrold release paper etc adhering is 
done when shape which dispersed is taken 

[0048] \;^>. ... . 

[Working Exarrple(s)] Below, this invention furthermore is ex 
plained in detail with Working Example . 

Working Example 1 

(A) Resin composition manufacturing 

Kneading below^mentioned starting material, it acquired primar 
y resin conposition 

(1) Tetra gfycidyl dianino diphenylmethane 

(ELM434 and Sunitono Chemical Co. Ltd (DN 69-053-5 
307) (strain) Make) 90.0part 

(2) Bisptenol A type epoxy resin 

( Epikote 825 and Yuka Shell Epoxy K.K. (DN 69-068-88 
82) make) : 10. Opart 

(3) Polyethersulfone 

(PES5003P and Sumitomo Chemical Co. Ltd (DN 69-053- 
5307)make) 12.3part 

(4) 3,3'-di anino diphenylsulfone 

(WakayanHSeikaK.K(DN 69-375-8609) ( strain) Make) 
36.0part 

[0049] Kneading below-mentioned starting material, it acquired 
secondary resin composition 

(1) Tetra giycidyl dianino diphenylmethane 

(E1M434 and Sunitomo Chemical Co. Ltd (DN 69-053-5 
307) (strain) Make) 40.0part 

(2) Bisphenol A type epoxy resin 

( Epikote 828 and Yuka Shell Epoxy KK (DN 69-068-88 
82) make) 20. Opart 
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" 1 s'r *»"■•.» / 


*■ (3) Bisphenol F type epoxy rean^, 


(4) 4, i' -'^7S/J?7X5AX**> 

43. OgP 

(5) /K«JX-t;U^^^> 

(PES 5 00 3 P. ttSft^X* (ft) 91 
1 8. OBfl 

[0050] (b) ttrait*0ft&H& 

(a) -CH«Lfc«B*1 8 0°C, 2WIHWtLTttBfflHb 
IfcCDfc (ffi(f#tt^ail^ : 2mmi£. K I X** 

^-lltt*) H£ : 6mmIS) £#KLfco ttlf#tt»»J6 
tt. 2mmi(DS*1 Omm«:«V» X/^3 2mmlCt 
fiofco tt«fflttaSttemmB0)«*«*1 2. 7mmC 
WBfU 0 8mml:t, ASTM-D5045-9 

1 iaita)^Fj*iccfc y sen Bale j: y as^fioL 


[0051] -*«HBa**0)«ft*Ba)Syittif #tt*tt, 

4 20kg f/mm2 T?fcy* 31* 2 0 R*Hft*&<D 8 2^ 
■COOftCfSMtStt* 3 3 0 k g f /mm? "Cfeofco ^Jfcffl 

BfcrtftarafcllKD*- K I x*/i^f-Bi«H:i 8 o J/ 

[00 5 2] (c) Z?*)y\s?<»tt$i 

(a) •CB»Lfc-«ttB* , J/<-^0-^3-*-*ffl^ 

ri8sat±ic^*g^3 1 . 2 g/m2 ic&4<fc?a*Lr 

. 5g/m 2 lzU%£omiZLX®m7<<)l>2x£tt$kLtzo 

-j5ftizs\z®tt&mm& (t8ooh.su m s» 

4. BHOWJlslttlHz* 


(Epikote807and Yuka Shell Epoxy KK(DN 69-068-88 
82)irake) 40.0part 

(4) 4,4'-di amino diphenylsulfone 

(Suricure S and Sumitomo Chemical Co. Ltd (DN 69-053- 
5307) ( strain) Make) 43. 0 part 

(5) Polyethersulfone 

(PES5003P and Sumitomo Chemical Co. Ltd (DN 69-053-5 
307)irake 18. Opart 

[0050] (B) Physical measurement of cured resin 

180 °C and 2 hours hardening resin which is rranufactured wit 
hthe (a), it produced sheet ( flexural modulus measurement^ 
mmthickness , toughness (mode I energy releasing ratio) 
rreasurerrent:6 mmthickness ) of cured resin. It measured, it 
cut sheet of 2 mmthickness flexural modulus in 10 mm width, 
withthe span 32 mm. fracture toi#tness measurement cut off 
sheet of 6 mmthickness in height 12.7 mm, withthe span 108 
mm, measured with method which is stated in ASTM-D5045- 
91 withthe SENB method. 

[0051] Roomtenperature flexural modulus of cured product of 
priirary resin conposition was 420 kgt/mmz, flexural modulus 
with the82°C after boiling water 2 0 hour absorbing water was 
330 kgf7mrri2. mode I energy releasing ratio of cured product 
of secondary resin composition was 1 80 J/m2. 

[0052] (Q Production of prepreg 

In order on mold release paper for coating amount to become 3 
1 .2 gfrrG, primary resinwhich is manufactured with (a) making 
use of reverse roll coater applying, itproduced resin film Next, 
in order for coating amount to become 20.5 gta, applying 
secondary resin,it produced resin film It pulled to one 
direction and from both sides, putting between carbon fiber 
(T800Hand Toray Industries Inc. (DN 69-053-5422) make) 
which is arranged with aforementioned primary resin film, 
heating and pressurizing doing,impregnating resin, furthermore 
sticking secondary resin film to both sides,it acquired prepreg of 
carbon fiber weight 190 gfafc and carbon fiber content 64.8 %. 


[0 0 5 3] (d) flHtttOttS 

(c) ■eftaLfc^y^uy****rti=>w**K-c <+ 

45/0/-45/90g) MiV (45/0/-45 


[0053] (D) Production of hardened sheet 

Prepreg which is produced with (c) with angle for longitudinal dir 
ectionwas laminated with constitution of (+45/0/-45/ 90 
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/9 og) ^m^mw^tzo: £ti**- vvv-^**p;$i 

% £g1 8 O.U| A 6 V g f / c m2 1 2 Bl SBEft 

[0 0 5 4] (e) EttBgfl>3H£ 

(+4 5/0/-4 5/9 Og) 2s^(0®ftfi^, 0° 

«LttlciiDXU £;£E*fc§£g (2 4°c) % S^tfXlSl 
BlffiffiSg (7 1. < tHD»*lC2SIB«»tte 2°CC»]S) £ 

-f^hovn 2 8fii»«*JBivc«eLfc 0 &m*u 


45. 1 k s i 
3 9. 3 k s i 


(+45/0/-45/90g) 3s<Dfllrt<D«{fctt 

JSfttfe-f:/** 9 0° »H*4^fM*iW:«l 

y tt> u *<d+*i:: 2 7 o >^ • tk> Ka)*e««*4s. 


[0054] Measurement of (e) conpressive strength 


(+45/0/-45/ 90 degrees) 0 degree direction 12 inch and 90 deg 
ree direction cut hardened sheet of constitution of the2S, in 
rectangle of 1 .5 inch, borehole did hole of roundof diameter 0. 
25 inch in center and processed in perforated plate, at time 
ofthe roomtemperature compressive strength (24 °Q, and . . ^ 
high tenperature high hunidity measured conpressive strengfh 
(In warm water of 71 °C after 2 weeks soaking with 82 °C 
rreasurement) making use of Instronll28type tester. Result is 
as follows. 


Roomtemperature conpressive strength 


45.1 ksi 


At time of hi^i temperature high humidity compressive strengt 
h : 39.3 ksi 

Furthermore, 0 degree direction 6 inch and 90 degree direction 
cut hardened sheet ofconstitution of (+45/0/-45/ 90 degrees ) 
3S in rectangle of 4 inch, give falling wei^l inpactof 270 inch 
* pound to center, measured compressive strength after impact 
Result is as follows. 


•*ffeEtt3£ : 2 2. 1 ks i 

[0 0 5 5] ttlMHl 

(a) mmmmm 

(ELM434. tt*ft*X« «) «) 
90. OgP 

(2) lf*?x/-JUAgX#+$/fflgB 

1 o. ofiP 

(3) #Ux— rfl>*JU*> 

(PES5003P. ttSfc¥i* (HO H) 
1 2. 3SP 

(4) 3, 3' -i?T5/S?7x=ilfX**> 


Conpresave strength : 22.1 ksi after impact ■> 

[0055] Comparative Example 1 v : l ^ 

(A)Re^conpoationnBnufecturing \: v " 

Kneading below-rraitioned starting material, it acquired rean c 
ompositioa 

(1) Tetra gjyddyl diarrino diphenyimethane 

(ELM434 and Sunitont) Chenical Co. Lid (DN 69-053-5 
307) (strain) Make) 90. Opart .... 

(2) Bisphenol A type epoxy resin 

(Epikote825and Yuka Shell Epo^KK(DN 69-06*^8 
82) make) 10. Opart 

(3) Polyethersulfone 

(PES5003P and Sumitomo Chemical Co. Ltd (DN 69-053- 
5307)irake) 11 3 part 

(4) 3,3 f -di anino diphenylsulfone 

(WakayanH Seika K.K. (DN 69-375-8609) ( strain) Make) 


ISTAs Conv^€xKokai(tm), Vision 1 2 (There may be mors in tte above taia&riQ^^ 
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mm 



[0 0 5 6lJ( b) y tj jisvomn 

^UBSLfco -^lRllc?|$S5^fcK«fe«t (T8o: 
OH, IKtt) S) ttiia^Bi^^^A-ett 
<**k tmi>uE.Lx®m*$&zitT:t}tmm&3tii 90 g 


Iri order on nr>ld reij^* ^ amount to becoms 5 

1 .7 gfaG, resinwhi cfe^ with (a) making use of 

reverse roll coaler ajpl>d^ itprbduced resin film It pulled to 
one direction and fromboth ades, sdssors and heating and 
jrcssurizingdoingc^bohfibCT ^OOHand Toray Industries 
Inc. (DN 69-053-5422) make) which is arranged with 
aforementioned resin filn^inpre^ 
prepreg of carbon fiber wei^tf 190gfa£ and the carbon fiber 
contort 64.8% \ ^ > 


[00 5 7] (c) WitftOttSL 

(b) -CfESiLfc^J^U?* (+4 5/0/-4 5/9 0 
g) fccfctf (+45/0/-45/90g) as^ffi^"^ 


[0057] (Q Production of hardened sheet 

Prepreg which is precluded with (b) was laminated withconstituti 
on of (+45/0/45/ 90 degrees ) 2S, and (-K5/0A45/ 90 
degrees ) 3S. It hardened these with condition which is similar 
to Working Example 1. 


[0 0 5 8] (d) Kt&&&<Dmj£ 

(+45/0/-45/90g) ^(D^OWit^. Slffi 


[0058] (D) Measurement of compressive strength 

(-+45/0/-45/ 90 degrees) Hardened sheet of constitution of 2S, 
was processed in same wayas Woridng Example 1 in perforated 
plate, at time of room temperature compressive strength , and 
hi$i temperature high humidity theconpressive strength was 
measured Result was as follows. 


45. 2ksl 
3 9. Oksi 


£blC, (+45/0/-45/90g) 2S <D&1&<DWit1& 
£0 W 75fatf6<<>?s 90" ^IrJAU^ >^(Dg^lC^ 


Room temperature compressive strength : 45.2 ksi 

At timeofW^i temperature high humidity compressive strengt 
h : 39.0 ksi . :/^: : - : : : ^f 

Furthermore, 0 degree direction 6 inch and 90 degree direction 
cut hardened shed ofconstitution of (+45/QA45/ 90 degrees ) 

3S in rectangje of 4 inch, g^ve falling weight impactof 270 inch 
* pound to center, measured compressive strength after impact 
Result was as follows. 


[0059] $zmm2 


18. 2 k s i 


U;3000m I ^(Dil/^y ^77^ 3 fcM^S&tf) * £ 
*C 392g (0. 9 1 mo I ) (OtfX [4- (3-75/ 
7i/+v) 7i-JH (BAP8-M) ; 39g 

(0. 1 1 m o I ) <D9, 9' -tf* (4-75/7j±^ 
) ^;U^U> (FDA) , 1 47 g (0.;:1 Imo I ) (DN 


Compressive strength : 182 ksi after impact 
[0059] Woridng Example 2 

(A) Synthesis of high toughening agent (amine end siloxane pol 
yinide oligomer) 

In separable flask of 3000 ni capacity which mounts nitrogen i 
nlet and ttermometer , the stirrer and water rerroval trap bis [4- 
(3-aninopl^xy)ph^] sulfone(BAPS-M)of 392g[0.91 
nr)l), ^Sf-bis (^arriTO plx^) fluoraie (FDA) of 39gC0.1 1 
irolXtteairiix) 

Corning foray Silic^ Ltd. make] 


errors in the above ^aisfetioa: ISTA cannot -^v' i A • P.lo. 




fc e 7 Vka¥«ai=Rt' h 'J i^;ut s>6 0 m 1 1 Vtv 
X>5 0ml *a*fc*v-wtf*ai'i 6 o°c-c*^fitt7K-r 

feS©NMP?ftRU.«i9<yi:20 iror-trh^* 

yjUMrATS K (DMF) sg«*ffli>ry;i//^-5i-i/ 
al/5P7h^7^- (GPC) T*ii|S-f tfUif 
L/^<f'j3— (PEG) &ST?5 5 0 O-Cfeofco £fc# 

CtliNMRX^ hJU*$«fet^ I RT.^^ Ml'frib 


[0060] (b) 

(xea-^heVi,-»«?/x/nj|e*$/ (80 Si) 

(2) If* 7 x> -)\, f sxtk* viasi 
(ie«rp>eaoJ'*H*-f>* (ft) 8) 

5. 06P 

(3) J|«yx— T*^**^ 

(PES5b0 3P, ttSft^lH (ft) ») 

1 o. 56H 

(4) 3 t ^3.'?-5?TS/i/7x-ibX^*l/ 

(=#»E^7-f > (ft) ») 
3 7. OfiP 

[0061] TBWftSaUl'u -*ttBB«*«it1»*:o ( 
(1) - (3) [c (4) £^«>S&#Lfc&fc (5) £;I8L 

fc) 

(1) Th7^U5/i?^i?7S/^7x-^/$t> 
(x tfa- he o 4 V: »1bi/xiux7K+i> (ft) SI) 


ISTAisConv^ ISTA cannot 


.ntrogm aistitutioa to there biphenyl tetracarboxylii 
•fdianhydride of solid state it added 30Qg(1.02mDl) little by little, 
with ram temperature 3 hours after agitating, temperature rise 
it did inttel20 °C and 2 hours agitated When agrin you reset 
flask to ream temperature and after adding triethylanine 50 
rtiand toluene 50 iri, tenperature rise you do and azeotropic 
boiling it dehydrates with ttel60 °Q water of approximately 
30ni acquired After cooling this reaction mixture, it diluted 
withNMP of time quantity,poured in acetone of 201 slowly and 
it precipitated amine end siloxane polyinide oligomeras solid 
product And, precipitate vacuum drying was done with 200 
°C. When number average molecular wei^it (Mi) of this 
oligomer is measured with gel permeation chromatography 
(GPC) making use ofthe din^thyiformanide (DMF) solvent, it 
was a 5500 with polyethylene glycol (PEG) conversioa In 
addition glass transition temperature according to differential 
thermal analyzer (DSQ was 223 °C. In addition, you could 
verify that it is an introduction and a amine endof siloxane 
skeleton fromnmr spectrum and IR spectrum 

[0060] (B) Resin composition manufacturing 

Kneading below-mentioned starting material, it acquired primar 
y resin coirpositioa 

(1) Tetra glycidyl diarrino diphenylmethane 

(Epikote604and Yuka Shell Epoxy KK. (DN 69-068^88 
82) make) 95. Opart 

(2) Bisphenol F type epoxy resin 

( Epicrone 830 and Dainippon Ink & Chemicals Inc. (DN 6 
9-057-4512) make) 5. Opart 

(3) Polyether sulfone 

(PES5003P and Sumitomo Chemical Co. Ltd (DN 69-053- 
5307) make) 10. 5 part 

(4) 3,3*-di anino diphenylsulfone 

(Mitsui Kag^ku Fine Chemicals Inc. (DN 69-067-3637) Ma 
ke) 37. Opart 

[0061] Kneading below-mentioned starting material, it acquired 
secondary resin composition. (After melting (4) in (1) to (3) 
beforehand, (5) was kneaded ) 

(1) Tetra gjycidyl diarrino diphenylmethane 

( Epikote 604 and Yuka Shell Epoxy K.K. (DN 69-068-88 

P.17 



Translation - FirstPass V 

^*-H.V>f. ,6. , . ... . » . ,y - . 

••v.-'/isi 1 .;^:."' • :..%•;>• 

(Itfa- h 8 2 5. ?fiftvxJH7t?4r*> (ft) SI) 
10 . Ogfl 

(a) ex7i-/-;iFSx^v^Bi 

(ie^O^830 ( *B*<f:s4r (ft) Si) 
5 5. Ogfl 

(4) «a&itJH 


( (a) Tr^fiS) 
20. 59 


82)n*ke)T 35/Opart. ^ - , . ^ W , V 

(2) Bisphenol A type epoxy resin v ^ V : ? 

( Epikote 825 and Yuka Shell Epoxy K.K. (DN 69-068-88 ' ^ 
82)make) lO.Opart 

(3) Bisphenol F type epoxy resin 

( Epicrone 830 and Dainippon Ink & Chemicals Inc. (DN 6 
9-0574512) mike) 55. Opart 


(4) High toughening agent 
(With (a) synthesis) 


20. 5 part 


(5) 4, 4' -isTS/isynL-JlXJl-fcl/ 

4 1 . oep 

[0062] ( c ) «BBflEft«0)»1!»l£ 

(b) vm$iuc®m$ 1 sou 2nm«bLrttiBaft 

*M)tt*4«U *B«fcLT*tt£IMIiLfc 0 - 

%ttflB«u£«a)aftifea)Siaiihif #tt$f±. 4 2 5 k g t / 

mm2 -e&tj^ 367X2 OB$HA7k1fea>8 2°C^<DtttfpM42£ 
te. 3 3 5 k g f /mm^fcoto X«fflffilBJ**(DflMb 
%KD*- K I X*;^-Mtt*tt2 4 O J/m2 -efcofco 


[0 0 6 3] (d) ■Jijyis'fOttSi 

(b) •elHSLfc-^ffiBi* , J^-XP-^3-^-^ffll> 
r!8Mia±lc^ftSA<3 1. 2g/m2|c^^J: ; 5^Lr 

-*Kilc5l#tl3Lfc«JH«lt (T80OH, IU (ft) B) 
4. 8%<D?'J:?U?£#/co 


(5) 4,4'-di amino diphenylsulfone 

(Sunicure S and Sunitonc Chemical Co. Ltd (DN 69-053- 
5307) Make) 41. Opart 

[0062] (Q Physical measurement of cured resin 

180 °C and 2 hours hardening resin which is manufactured wit 
hthe(b), it produced sheet of cured resin, it appraised property 
toshrilarto Working Example 1. room temperature flexural 
modulus of cured product of primary resin composition was 
425 kgf7nrrt2, flexural modulus with the82 °C after boiling 
water 2 0 hour absorbing water was 335 kgf7mr&. model 
energy releasing ratio of cured product of secondary resin 
composition was 240 J/nC. 

[0063] (D) Production of prepreg 

In order on mold release paper for coating amount to become 3 
1 ,2 gfrrC, primary resinwhich is manufactured with (t) making 
use of reverse roll coater applying, itproduced resin film Next, 
in order for coating amount to become 20.5 gfac, applying 
secondaiy resin,it produced resin film It pulled to one 
direction and from both sides, scissors and heating and 
pressurizingloing carbon fiber (T800Hand Toray Industries 
Inc. (DN 69-053-5422) make) which is arranged with 
aforementioned primary resin filn\i npregnating resin, 
furthermore sticking secondary resin film to both sidesjt 
acquired prepreg of carbon fiber weigft 190 gfaG and carbon 
fiber content 64.8% 


[0 0 6 4] (e) BibttaftS 

(d) -CfESLfc^'J^U^* (+45/0/-45/90 
g) £J:tf (+45/0/-45/90g) 


[0064] (E) Production of hardened sheet 

Prepreg which is produced with (d) was laminated withconstituti 
on of (+45/0A45/ 90 deg^es ) 2S, and (-K5/0/-45/ 90 
degrees )3S. It hardened these with condition which is similar 
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[0 0 6 5] (f) E^SOU^ 


(+45/0/- 45/90 g) 2s<D#t)$(DeiibK^» SSIS 


4 4. 2 k s i 
3 8. 3 k s i 


[0065] Measurement of (f) • oppressive krength 


mm 


(+4 5/0/-4 5/9 0g) 3s(O^I$(D5Hb^ 

£o* ^atfe* i/? 1 * 9 0° -Hntf-A^^^-nm-z.^ 

y tU U *<D* AC: 2 7 o >^ • jKV K(Djg£iffilS£-5x. 


(445/CV45/ 90 degrees) Hardened sheet of coijstiti^m . 
was processed in sam^ ^ inpoforated .<yc 

plate, at time of iwmtemperature compressi ve 'shw^rSKl'' 
high tenperature higi hurridity theconpresave strath was 
measured Result was as follows. {V • b 


Room temperature compressive strength 


442 ksil 


At time of hi^i temperature high humidity corrpressive strengt 
h : 38.3 ka 

Furthermore, 0 degree direction 6 inch and 90 degree direction 
cut hardened sheet ofconstitution of (+45/0/-45/ 90 degrees ) 

3S in rectangle of 4 inch, g^ve falling weight impactof 270 inch 
♦poind tocenter, measured compressive strength after impact. 

Result was as follows. 


: 2 8. 3 k s i 
[0 0 6 6] Jt«HH2 

(a) mmm&mm 

(Xbf3-h6 0 4. JfiftS/i^xiK*^ (ft) fi) 
40. 0 8P 

(2) ifx^xy-;uAfix7K*S/«K 

20. OBP 

(3) ex:7x/-;uFgx#*5/«IB 
(xe<7P>8 3 0. *a**f>* (ft) a) 

40. OSP 

(4) 4f 4' -^7S^^i-W^> 

a = +a7S, ttSft^II (ft) S) 
4 3. OSP 

(5) #yx— tjuxju*> 

(P ES 5 0 0 3 P. ttJEfl^I* (ft) S) 


Compressive strength : 283 ksi after impact 

[0066] Comparative Example 2 

(A) Resin composition manufacturing 

Kneading below-mentioned starting material, it acquired resin c 
omposition. 

v ..... , ..>.-•;,; 

(1) Tetra^ytidyl diatrino diphenylmethane 

(Epikote604and Yuka Shell Epoxy KK (DN 69-068-88 
82) make) 40. Opart 

(2) Btsphenol A type epoxy resin 

( Epikote 825 and Yuka Shell Epoxy KK (DN 69-068-88 
82) make) 20. Opart 

(3) Bisphenol F type epoxy resin 

( Epicrone 830 and Dainippon Ink & Chsrricals Inc. (DN 6 
9-057-4512) make) 40. Opart 

(4) 4,4'-di amino diphenylsulfone 

(Sunicure S and Sumitomo Chemical Co. Ltd. (DN 69-053- 
5307)Make) 43. Opart 

(5) Polyethersulfone v. 
(PES5003P and Sunitomo Chemical Co. Ltd. (DN 69-053- 
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t o b 6 7 ] (b ) ®mmitfy<D®mm , 
< a ) x-m® Lfcfflii$;i .8 mramt commit 

*2 oftfig&TMfcrcs 2°CT?(Dffi(fwi^fiv 2 7b k g f 

^tt 1 8 0 J /m2 T?fcofco %*>>::■. 


180°C and 2 houre hardening rean\^ 
hthe (a), it produced plate of cured resin, it appraised property 
toanilarto Working Example 1/ roomtenperature flexural 
modulus of cured product was 350 kgCmrfc, flexural modulus 
with 82 °C afterthe boiling water 2 0 hour absorbing water was 
270 kgtfmrrC. In addition, mode I energy releasing ratio of 
cured product was 1 80 J/nE. 


[0068] (c) ?'J:?U^<Dtt® ;^ . 
^^A^gLto -*|R]|::3l£$xfcft^8*t (T8 0 

oh. ib oao s) zmmfr^s m&omm? 4 fr-u-zi* 
/m2, &5uaiJi^r$64. 8%<o^u^uy^#fco 


[0068] (Q Production ofprepreg 

In order on mold release paper for coating amount to become 5 
1.7 gfai2, resinwhich is manufactured with (a) making use of 
reverse roll coaler applying, itproduced resin film It pulled to 
one direction and from both sides, scissors and heating and 
pressurizingdoing carbon fiber (T800Hand Toray Industries 
Inc. (DN 69-053-5422) make) which is arranged with 
aforementioned resin film.impregnating resin, it acquired 
prepreg of carbon fiber wei^rt 1 90 gfac and the carbon fiber 
contort 64.8% 


[0 0 6 9] (d) EHbfccofES 

(c) TJMLfc^'J^U^ (+45/0/-4 5/90 
S) zs- 6*tf (+4 5/0/;-4 6/90.g) asP&JSt? 

[O0 7 0] (o) EJS®Jg<DiI<l£ ^J, 
(+45/0/- 45/90 g) 2S (Dl?lj£(&SHb& SJE 


[0069] (D) Production of hardened sheet 

Prepreg which is produced with (c) was laminated withconstituti 
on of (-M5/GA45/ 90 deg^es ) 2S, and (-K5/0/-45/ 90 
degrees )3S. It hardened these with condition which is similar 
to Working Example 1. 

[0070] (E) Measurement of conpressive strength 

(+45/0/-45/ 90 degrees) Hardened sheet of constitution of 2S, 
was processed insamewayas Working Exanple 1 in perforated 
plate, at time of room temperature compressive strength , and 
high temperature high humidity thecompresave strength was 
measured Result was as follows. 


3 7. 2 k s i 
3 2. 1 k s i 


Roomtemperature compressive strength 


37.2 ksi 


At time of hi$i temperature higi humidity conpressive strengt 
h : 32.1 ksi 


£t>\Z % (+45/0/-45/90g) zsO&tfHDmttii 

y ttJ Ls *<D**lc 2 7 o << y? • tK> K<D&SffiS£^a- 


Furthermore, 0 degree direction 6 inch and 90 degree direction 
cut hardened shed: ofconstitution of (+45/QM5/ 90 degrees ) 

3S in rectangle of 4 inch, gpve falling wei^rt impactof 270 inch 
* pound to center, measured compressive strength after impact 
Result was as follows. 


2 3. O k s i 


Compressive strength : 23.0 ksi after impact 
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si- 


T»f**«llLL^lBBiuMfc*#fc- C CD ~'C3) 1= 
(4) ^^to»»Cfc*<DlC (5) SSUtLfc) 


(1) Th7^J , >^75^v7i^$^ 

(ien->6 0 4, M'/xM^ Oft) Si) 
3 5. OBP 

(2) eX7i/-iUASXJ|«*->«B 
(iea-h8 2 6, ttfci/x/kxtf*!' (ft) St) 

1 o. ogp 

(3) e*7x/--'/l,FfiXJK*5'«Mi 

(Xtf3-h8 0 7, ttfcS'x/lrX***/ (ft) SI) 
55. OSP 

(4) mmmtm 

28. 5gP 

(5) 4, 4' -i/TS/i??!-^^ 

U5+a.7S, fiSt^If (ft) S) 
. 4 2 . -1 SP 

[o o 7 2] (btmmmttooto&mz. 
fc*a>£attif#tt*tt. 330kgf /mm2 -e^y % m 

7K2 0^rpW7Kft(D8 2 o C-C^filf?*14mtt, 2 50 kg f 
/mm2 V&otzo *fc. Wt*0>*- K I X*/U*-|Btfc 
$(i2 5 0J/m2tfcofc o 


\A) Resin conposition iranufacturing 

Kneading below-mentioned starting material, it acquired resin c 
onposition ((5)\vasloieadedinthc^^chnBlt (4)in(l) to 
(3)beforehand ) 

(1) Tetra glycidyi dianino cKphenylmethane 

(Epikote604and Yuka Shell Epoxy KJC(DN 69-068-88 
82) make) 35. Opart 

(2) Bisphenol A type epoxy resin 

( Epikote 825 and Yuka Shell Epoxy K.K. (DN 69-068-88 
82) make) 10. Opart 

(3) Bisphenol F type epoxy resin 

(Epikote 807 and Yuka Shell Epoxy K.K. (DN 69-068-88 
82) make) 55. Opart 

(4) Higft tautening agent 

(Working Example 2 same substance) 
28.5part 

(5) 4,4'-di amino diphenylsulfone 

(Sunicure S and Sumitomo Chemical Co. Ltd. (DN 69-053- 
5307) Make) 42. 1 part 

[0072] (B) Physical measurement of cured resin 

180 °C and 2 hours hardening resin which is manufactured wit 
hthe (a), it produced plate of cured resin, it appraised property 
tosurilarto Working Example 1. room temperature flexural 
modulus of cured product was 330 kgffnnfc, flexural modulus 
with82°Cafterthe boiling water 2 0 hour absorbing water was 
250kgC r mm2. In addition, mode I energy releasing ratio of 
cured product was 250 J/rrC. 


[0 0 7 3] (c) ?'J:7U?<D#» 

( a ) -ems ufc$sg£ Q-n,*-*-tmi*xm 

^;uix£ttSLfco -*fllc5itMi*fcK*IMt (T8 0 
OH, 11/ (#) H) tiH&<D®m7<<)l'd±V& 

4D»iioELr«UBS*a**rft*lilta(*i so g 


[0073] (Q Production of prepreg 

In order on mold release paper for coating amount to become 5 
1 .7 gfa2, resinwhich is manufactured with (a) making use of 
reverse roll coater applying, itproduced resin film It pulled to 
one direction and from both sides, scissors and heating and 
pressurizingdoing carbon fiber (T800Hand Toray Industries 
Inc. (DN 69-053-5422) make) which is arranged with 
aforementioned resin filnympregnating resin, it acquired 
prepreg of carbon fiber weight 1 90 gfa2 and the carbon fiber 
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[0 0 7 4] (d) 8Ht«<&ttS 

(c) T?f^»Ufc^U^U</^ (+45/0/-45/90 
g) as* (+46/0/-45/906) asPfltlfc-C: 


[0 0 7 5] (e) Ett3S®a£ 

(+45/0/-45/905) 2S <Dftj£(D$i'fbffi£* SJS 


3 5. 6 k s I 
3 1. 3 k s I 


$S>|C V (+46/0/-45/90g) 3s(DSj£cD®{b*R 
$0* ^fitfe-f^* 9 0° l3fatf4<<ls?<D&l5mzty 

y as u -e^^^ic 2 7 o >^ • K<&*»wg£5x. 


ffig&Effi&g : 32. 2ksi 

[0 0 7 6] SgJIW3 
(a) Wili«j£«lN» 

(ELM434, fcSfc^X* <*) H) 
50. OgP 

(2) hyyuvs?*/«rsy^x-/-^ 

(xe=i-h6 3 0. SftyxiH^v (*) 8) 
40. Ogfl 

(3) lfX7i/-^Fax7K*S/«IB 
(I^P>830, *a*-fv* (*) ») 

1 0. 


[0074] CD) Production of hardo^ ih&''fy. / : /. \ :i} J k*r 

Rrepreg vMch is produced wtn|c);^ lariati^ wthconstituti i " -^- 
on of (-K5/0/-45/ 90 degrees ) S;^^5/0A45A90 ^^'-v^-V^ 
degrees ) 3S. It hardened these with condition which is similar 
to Working Example 1. : S ^ V" 

[0075] (E) Measurement of c»npressive strength , 

(445/0/-45/ 90 deg^es) Hardened sheet of constitution of 2V 
was processed in same wayas Working Example 1 inperforated 
plate, at time of room temperature compressive strength , and 
hi^i tenper at ure high humidity theconpressive strength was 
measured Result was as follows. . ,; 

Room temperature compressive strength : 35.6 ksi 

At time of higfr tenperature high humidity corrpressive strengt 
h :31.3ksi 

Furthermore, 0 degree direction 6 inch and 90 degree direction 
cut hardened shed: ofconstitution of (+45/Q/-45/ 90 degrees ) 

3S in rectangle of 4 inch, ^ve falling weight inpactof 270 inch 
* pound to carta*, measured compressive strength after impact 

Result was as follows. 


Conpressive strength : 322 ksi after inpatf-\ 

[0076] Woiking Example 3 - X ' : 

. . .. M < <K * ^ ' ? - ' > • ^ &■> • y - 

(A) Resin conpositionnran^ 

Kneading below-moitioned startii^ mataial, it acquired primar 
y resin composition v 1/ r .f-' 


(4) ;K'Jx-t^xji4o 


(1) Tetra gjycidyl dianino dphenylmethane 

(ELA4434 and Sunritont) Oierrical Co. Ltd (DN 69-053-5 
307) Make) 50. Opart 

(2) Trigjycidyl para amino phenol 

( Epikote 630 and Yuka Shell Epoxy K.K (DN 69-068-88 
82) make) 40.0part 

(3) Bisphenol F type epoxy resin 

( Epicrone 830 and Dairappon Ink & Chemicals Inc. (DN 6 
9-057-4512) make) 10. Opart 

(4) Polyethersulfone 


;• ISTA!sConve^ 
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14. OSP 

(5) 3, 3' -5>75/i?7i-Wftt^ 

(E#$E77-^ (80 S) 
3 5. OgP 

[0 0 7 7] TI5H**£;f$*U z:*«HB«l*»*ff* 
(1) ~ (3) ic (4) £^«>;§fl?Lfc&l:: (5) £; 
fc) 

(ELM4 3 4. Hmt^Xm («0 Si) 
3 8. OgP 

(2) e^.7i/-^ASX7K+->«JBI 

(Ibf=l-h8 2 8, *Mbi/x/l»XJ|<*^ (*)'«) 
1 2. Ogfl 

(3) ex7x-/-;UFSi^*>fflBi 

(I^P>830, *B*-f^r (tt) S) 
50. OBP 

(4) /KUx— f;i/-f 5 K 

(U I tern 1 0 0 0, If^JHU? MJ y£ ( 
m «) 2 0. 58P 

(5) 4. 4' -i?7S/5/7i-^tO 

44. eSP 

[oo78] ( b ) mmt®<D®\tmn. 

(a) •efH8Lfc8JBi£i 8 0°c* 2«fRS]$HbLT8iBI*Hb 
%.®Himtfi®<»®itVi<J)£&&tf 4 4 0 k g f / 

mm? -efcy, 38*2 OftRS 8 2°CT?(Dlft(f 
tt. 3 2 0 k g f /mm2 Vhotz„ njWStflifflfifcf&KD^b 
p , i;}WU4f-§fljft¥li3 0 0 J/nrv? 1?fco,fco 


> ■ (PES5003Pand Sumtont 
•" - r 5307) n^\'— 14.0 pai 


Opart 


[0 0 7 9] (c) ?'j:7U?(Dttg 


; -^tsui Kagaku Fine Charicals Inc. (DN 69-067-3637) Ma 
ke) 35. Opart 

[0077] Kneading below-mentioned starting material, it acquired 
secondary resin conpositioa (After melting (4) in (1) to (3) 
befoi^i^(5)v^kne^ ) 

(1) Tetra gjyridjyl dianino diphenylmethane 

(EIJVI434and SunitomDCharical Co. UdpN 69-053-5 
.307)Mak^^« 38.0part 

(2) Bisphenol Atype epoxy resin 

( Epikote*828 and Yuka Shell Epojy KK. (DN 69-068-88 
82) make) 12. Opart 

(3) Bisphenol F type epoxy resin 

( Epicrone 830 and Dainippon Ink & Chenicals Inc. (DN 6 
9-057-4512) make) 50. Opart 

(4) Polyetherimide 
(Ultan 1000 and General Electric Ltd make) 20. 5 part 

(5) 4,4 , -di amino diphenyisulfone 

(SunicureSand Sumitomo Chenical Co. Ltd (DN 69-053- 
5307) Make) 44.6part 

[0078] (B) Pi^ysical measurement of cured resin 

180°C and 2 hours hardening resin which is manufactured wit 
hthe (a), it produced sheet of cured resin, it appraised property 
toanilarto Working Example 1. room temperature flexural 
modulus of cured product of primary resin composition was 
440 kgffmnfi, flexural nudulus withthe82 °C after boiling 
water 2 0 hour absorbing water was 320 kg^mrQ. mode l 
energy releasing ratio of cured product of secondary resin 
composition was 300 J/mz. 

[0079] (Q Production of prepreg 


In order on mold release papa* for coating amount to become 3 
1 .2 gfaB, primary resinwhich is manufactured with (a) making 
use of reverse roll coater Next, 
in order for oc^ii^ ^urt to become 20.5 gfatt, applying 
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5 6/mMC^Sck5^*LrffiBi7-<^A$^iiLfco 


uttit-c. Kcmtifiti 9o g /m2, «t*«ni***6 
4. e<K>c>Ji)zti>y£&tzo 


• j4' : -seaMidaiy resiiyt ^^irecl film It pulled to one 
' f direction and from both sides* scissors and heating and 
pressurizingdoing carbon fiber (T800Hand Toray Industries 
Inc. (DN 69-053-5422) make) which is arranged with 
aforementioned primary resin filnympregpating resin, 
furthermore sticldng secondary resin film to both ades,it 
acquired prepreg of carbon fiber weight 190gfal2 and carbon 
fiber content 64.8% 


[0080] (d) mtoXtoim 

(c) T^KLfc^'J^U?* (+45/0/-45/90 
S) as* (+45/0/-45/90g) as©***"*? 


[00 8 1] (e) EtiS3£g(DS!3e 

(+45/0/- 45/90 g) ^(DfltjSflflMbfi^ ^56 


[0080] (D) Production ofhardened sheet 

Prepreg which is produced with (c) was laminated withconstituti 
on of (+45/QA45/ 90 degrees ) 2S, and (+45/0A45/ 90 
degrees )3S. It hardened these with condition which is similar 
to Working Example 1. 

[0081] Measurement of (e) compressive strength 

(+45/0/-45/ 90 degrees) Hardened sheet of constitution of 2S, 
was processed in same wayas Working Example 1 in perforated 
plate, at time of room temperature compressive strength , and 
high temperature high humidity thecompressive strength was 
measured Result was as follows. 


4 4. 2 k s i 
3 8. 3 k s i 


£ *>|C. (+45/0/-4 5/9 Og) ggCDfllJS^Hftfi 


Roomtemperature compressive strength 


44.2 ksi 


At time of hi$i temperature hi^i humidity compressive strengt 
h : 38.3 ksi 

Furthermore, 0 degree direction 6 inch and 90 degree direction 
cut hardened shed: ofconstitution of (+45/QA45/ 90 degrees ) 

3S in rectangle of 4 inch, g^ve falling weight impactof 270 inch 
* pound to center, measured compressive strength after impact 
Result was as follows. 


«g&E$S5£g : 30. 3ksl 

[0 0 8 2] 

(a) mmmmmn 

(xtfa-h6 0 4; aibvxJU/K+y (#) §4) 
90. Ogfl 

(2) e^7i/-*AH#*i/M 

(xbfn-h8 25, «Mt5/x;nirar5/ (#) S) 


Compressive strength : 30.3 ksi after inpact 

[0082] Working Exanple4 

(A) Resin composition manufacturing 

Kreading below-mentioned starting material, it acquired primar 
y resin compositioa 

(1) Tetra ^ycidyl dianino diphenylmethane 

( Epikote 604 and Yuka Shell Epoxy KJC (DN 69-068-88 
82)make) 90.0part 

(2) Bisphenol A type epoxy resin 

( Epikote 825 and Yuka Shell Epoxy K.K. (DN 69-068-88 
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(P E S 5 0 0 3 P. ttfift^X* (fc) S) 
12. 3gP 

(4) 3, 3' -y7^y^x-^^> 

(Z#lE^7^f^ (*) Si) 
36. OgP 

[0 0 8 3] TEBaSffittU -««B«I***1»*: 0 


(1) f h7^U^v75/y7i-^^> 

(xea-Keo4. jirtbS/iAxais*!/ (tt) si) 

40. Ogfl 

(2) tfX^x/-^ASX7K*V^Bi 

(xea-h8 2 5. a<bvx;ux^v (*) Si) 

20. OgP 


(3) ex^x/-;i/FSx/t<*v 


(xtfu-h8 0 7, ?Wbvx;ux7K+v (ft) S) 

40. oep 

(4) 4, 4' -v75/y^i-W*> 

(xsws, ttsft^xn «o so 

43. OfiP 

(5) spjx— : rju*fl'*> 

(PES 5 00 3 P. (t^fc^XH (ft) Si 

1 4. oep 

(6) X#*$/fclfri--f P^tt* 

7 5. 4fiP 

x*i»E0>fli»a>3* (6) ©x#*^<tt-*--f D^tlBtt 

% iftgflip. 1 -1 0 4 6 2 4^&«O)5SJE0!I 1 fC*£*l*Cl^$ 


[oo84] ( b ) wvimt®<D®t±mm 

(a) trlBSLfcfflBi^ 1 8 0°C. 2 RIRHEfl: LTttffiWt 

*«Bi«j*fta)«ft*a>sattif #tt*tt, 4 2 0 k g f / 

mm 2 t?fcy. ^2OB$P B W7Xft0 8 2 o Ct?(DSi(f#14^ 


(3)Polyethersulfone 


(PES5003P and Sunitono Chemical Co. Ltd (DN 69-053- 
5307)irake) 12. 3 part 

(4) 3,3'-di anino diphenylsulfone 

(Mitsui Kagpku Fine Cherricals Inc. (DN 69-067-3637) Ma 


ke) 


36. Opart 


[0083] Kneading below-mentioned starting material, it acquired 
secondary resin composition 

(1) Tetra gjycidyl di amino diphenyimethane 

( Epikote 604 and Yuka Shell Epoxy Kit (DN 69-068-88 
82)make) 40.0part 

(2) Bisphenol Atype epoxy resin 

( Epikote 825 and Yuka Shell Epoxy KJC (DN 69-068-88 
82) make) 20. Opart 

(3) Bisphenol F type epoxy resin 

( Epikote 807 and Yuka Shell Epoxy K.K. (DN 69-06&-88 
82)make) 40.0part 

(4) 4,4 f -di anino diphenylsulfone 

(Sunicure S and Sunitomo Chemical Co. Ltd (DN 69-053- 
5307) Make) 43. Opart 

(5) Polyethersulfone 

(PES5003P and Sunitomo Chemical Co. Ltd (DN 69-053-5 
307)irake 14. Opart 


(6) Epoxy-modified nylon granule 


75. 4 par 


Epoxy-modified nylon resin of inside (6) of starting material of 
secondary resin used those whichare shown in Working 
Example 1 of Japan Unexamined Patent Publication Hei 1- 
104624 disclosure. 

[0084] (B) Physi cal measurement of cured resin 

180 °C and 2 hours hardening resin which is manufactured wit 
hthe (a), it produced sheet of cured resin, it appraised property 
tosirrilarto Working Example 1. room temperature flexural 
modulus of cured product of primary resin corrposition was 
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JP 96225666 Machine Translation - Firs^Pass " ^ - ^ ''^l . ' *U ^ '.' ^ " 

tt3 30kgf/mm2tfcofcc x#* 5>fettV^ P 420 kgf/rrir^ fl<^^ 

^£&<^#®8a$BJ£t) ( O) ~ (5) ) (T^t^O)*- water 2 0 hour a^b^^ model 
K l x*;u*-«&^fi 1 7 o J /m2 -efeofco e^gy dissipation!^^ 

composition ((1) to (5)) which ©Eludes qx)^-rrr)difiedr^on 

particle was ttel70 J/rri2. 


[oo8 5] (c) y*)zns<f<nttm 

-CHtStt±lc^*ftA<3 1 . 2 g/m2 (::£:&<*; 9^*LT 

. 5g/m2 |cft4«k5aS 3 nTL-Cflll»7-f;UA*ftaLfco 
-3&ftlC?|**5Lfcft*«ll (T8 0 0H, IU (*) S) 

yttitr. 90g/m2, Btmmt&ttme 

4. 8%o)^u^uy*fffco 


[0085] (Q Production of prepreg 

In order on mold release papa* for coating amount to becorre 3 
1 .2 gfrrfi, primary resinwhich is manufactured with (a) making 
use of reverse roll coater applying, itproduced resin film Next, 
in order for coating amount to becorre 20.5 g^rrfi, applying 
secondary resin,it produced resin film It pulled to one 
direction and from both sides, scissors and heating and 
pressurizingdoing carbon fiber (T800Hand Toray Industries 
Inc. (DN 69-053-5422) make) which is arranged with 
aforementioned primary resin filrrtf rrpregnating resin, 
furthermore sticking secondary resin filmto both ades,it 
acquired prepreg of carbon fiber weight 190g^rrfi and carbon 
fiber content 64.8% 


[0 0 8 6] (d) KfcttattB 

(c) -CffaLfe^U^Uy* (+45/0/-45/90 
g) ti&XS (+45/0/-45/90g) ^Om^ 
SSLfco C*t*^--h^U-^+"C* SSI 8 0°C. E* 
6 kg f /cm2(Dft#"l?2lBFPa«ft*flofco 


[0086] (D) Production of hardened sheet 

Prepreg which is produced with (c) was laminated withconstituti 
on of (+45/0M5/ 90 degrees ) 2S, and (+45/0/-45/ 90 
degrees) 3S. This in autoclave, it hardened 2 hours with 
condition of tenperature 1 80 °C andthe pressure 6 kgf/cirfi. 


[oo8 7] (e) Etrasaas 

©*L£S?lLT*flttlciOlU ^SSEJSSg (2 4°C) % 

2°cTistis) H^hp^n 2 8&iaMi£mvcjic 


S&EttBB : 4 4. 8ks i 

X&ff&ftEttitS : 3 8. 9ksi 


Sf&K. (+4 5/0/- 4 5/9 0 g) 3s<Dflifi£<D«fl:ffi 
^0° ^lR)A<6-f>^, 9 0° *ftA<4-<>^a)fi*»ic«i 
y ill U Al- 2 7 0 *f >^ - K(D*fi«S*4S. 

% ®«»(DE«saig*a!iSLfcc eftttKiT^ay-cftio 


[0087] (E) Measurerrentof cxrrpre^vestrer^th 

0 degree direction 12 inch and 90 degree direction cut hardened 
sheet, in rectangfe ofttel .5 inch, bbrehble did hole of round of 
diarreterO.25 inch in centerand processed in perforated plate, 
at time of iromtemperature compressive strength (24 °Q, 
and high temperature higji hurriditymeasured compressive 
strength (In warm water of 71 °Cafter 2 weeks soaking with 
82 °C rreasurement) making use of Instron 1128 type tester. 
Result is as follows. 

Rrx>m tenperature compressive strength : 44.8 ksi 

At time of higi temperature high humidity compressive strengt 
h : 38.9 ksi 

Furthermore, 0 degree direction 6 inch and 90 degree direction 
cut hardened sheet ofconstitution of (+45/0/-45/ 90 degrees ) 

3S in rectangle of 4 inch, g^ve falling weigfit impactof 270 inch 
* pound to center, measured compressive strength after impact. 

Result is as follows. 
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• ffie&Effi&g : 4 5.: 2^ st \ 


[0 0 8 8] 

*a*ftt?*i^r?i*E«aiKi:*i«*»it (ffig»<&E 


r. 



: 452 ka after impact 


" [0088] 

[Effects of the Invention] As above explained, when due to pre 
preg of this invention, as been cleareven fromabove- 
rrentioned Working Exanple , because it used confining 
thespecific matrix resin, fiber-reinforced composite material 
which is acquired from said prepreg, mechanical property of 
compressive type, high perforated plate compressive strength 
high impact resistance (compressive strength after impact) 
with was conpatiblewith especially high tenperature high 
humidity condition Therefore, making use of prepreg which 
relates to this invention thefiber-reinforced composite material 
which is acquired becomes preferred ones as porous structural 
material whichpossesses bolt hole etc, can expand applicable 
application largely. 
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